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Abstract
As wild areas disappear and agricultural lands expand, understanding how people
and wildlife can coexist becomes increasingly important. Human–wildlife conflicts
(HWCs) are obstacles to coexistence and negatively affect both wildlife
populations and the livelihood of people. To facilitate coexistence, a number of
frameworks have been developed to both understand the drivers of conflict and
then to find solutions that mitigate conflict. However, each framework has differ-
ent foci and strengths in particular stages of analysis. Here, we propose an inte-
grated framework that leverages the individual strengths of previously fairly
isolated methodologies, allowing for holistic HWC analysis. The framework for
participatory impact assessment (FoPIA) provides a toolset for developing wildlife
scenarios, selecting assessment indicators and assessing the impact of different sce-
narios. The social-ecological framework of ecosystem services and disservices
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(SEEDS) analyzes the ecosystem services trade-offs related to scenarios, and the 3i
stakeholder analysis approach, supports the identification of stakeholders and pro-
vides a mechanism to explore, in detail stakeholders' interests, relative influence,
and how outcomes of research are likely to impact different stakeholders. We
apply these approaches to eastern Germany, where the increase in several wildlife
populations (i.e., wild boar, common crane, gray wolf, and European bison) has
contributed to conflict with people. We demonstrate the complementarity of
FoPIA, SEEDS, and 3i in identifying stakeholder needs and showing how wildlife
dynamics may affect coexistence and create imbalanced ecosystem service and dis-
service distributions. The integrated framework introduced here provides guide-
lines for analyzing the multistage process of stakeholder participation and enables
a comprehensive approach to the complex challenge of HWCs.
KEYWORD S
coexistence, decision support, disservices, ecosystem services, human–wildlife interactions,
stakeholder participation, wildlife governance
1 | INTRODUCTION
Human–wildlife conflicts (HWCs) can be triggered when
humans and wildlife compete for the same resources—be
this food or space. Conflicts also arise among people when
stakeholders express different values or behaviors
toward wildlife (Dickman, 2010; Woodroffe, Thirgood, &
Rabinowitz, 2005). This tension is particularly acute in agri-
cultural landscapes, where natural lands have been modi-
fied to maximize the production of agricultural
commodities (i.e., food, feed, and bioenergy) or other eco-
system services to support human livelihoods (cf.MEA, 2005;
TEEB Synthesis, 2010). Coexistence in these agricultural
landscapes is tenuous because wildlife threaten crop pro-
duction (Nilsson, Bunnefeld, Persson, & Månsson, 2016),
the spread of zoonotic diseases to livestock (Gortazar,
Ferroglio, Hofle, Frolich, & Vicente, 2007), and human
safety (Morehouse & Boyce, 2017).
Coexistence is defined as a dynamic but sustainable
state in which humans and wildlife co-adapt to living in
shared landscapes where human interactions with wild-
life are governed by effective institutions that ensure
long-term wildlife population persistence, social legiti-
macy, and tolerable levels of risk (Carter &
Linnell, 2016). Within this definition of coexistence, we
recognize two main stakeholder groups: those who are
directly impacted by wildlife (e.g., land users such as
farmers and foresters and conservationists who “speak”
for or “represent” wildlife), and those who can influence
decisions (e.g., policy makers, scientists, NGOs).
While HWCs often entail competition between
people and animals for space or resources (Inskip &
Zimmermann, 2009; Seoraj-Pillai & Pillay, 2017), an
emerging view sees HWC as the outcome of conflicts
between stakeholder groups (König et al., 2020; Redpath,
Bhatia, & Young, 2015). The values, attitudes, and beliefs
of different stakeholders generate competing demands
for management practices that permit, control, or exclude
wildlife species (Hill, 2015; Peterson, Birckhead, Leong,
Peterson, & Peterson, 2010). For this reason, technical or
financial solutions addressing the damage caused by
wildlife may be insufficient if they do not address under-
lying inter-stakeholder conflicts. However, such solutions
may lead to a negotiated outcome if they are sought
before the conflict becomes entrenched.
Combining a range of different stakeholders' views is
beneficial for the development and assessment of policies
and management practices that foster the coexistence of
humans and wildlife in agricultural landscapes. Such coex-
istence can likely be achieved through a holistic perspec-
tive in which socioeconomic and ecological aspects are
given deep consideration (Hill, Webber, & Priston, 2017;
Nyhus, 2016). Finding solutions that mitigate conflicts and
foster coexistence thus requires stakeholder-inclusive and
participatory methods that capture both the ecology of
wildlife populations and the social and economic back-
ground, needs, and wants of stakeholders (König
et al., 2020). Moreover, anticipating conflicts and creating
structures to preempt HWCs rather than resolve them will
lead to lower costs for stakeholders and governments
(Agarwala, Kumar, Treves, & Naughton-Treves, 2010;
Ceausu, Graves, Killion, Svenning, & Carter, 2019).
When analyzing the anticipated conflicts and alterna-
tive coping strategies, scenario techniques provide a
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powerful tool to explore the alternative development
pathways, possible scenario impacts and potential trade-
offs between different stakeholder views (König
et al., 2013). In the context of policy-making, sustainabil-
ity impact assessment has become a prominent tool to
conduct ex ante sustainability impact assessments of pol-
icy and management scenarios along the three sustain-
ability dimensions (economic, social, environmental;
Hermanns et al., 2017).
Conceptual frameworks are frequently proposed to
address the complexity of HWCs (König et al., 2020). The
emphasis on multidisciplinary approaches has attracted a
broad range of expertise and interests, which has led to many
frameworks and approaches to addressing particular parts of
the multistage process of building human–wildlife coexis-
tence. For example, some frameworks address procedural
aspects (Henle et al., 2013) or information gathering (Treves,
Wallace, & White, 2009), while others focus on organizing
and interpreting existing information (Lischka et al., 2018).
Some frameworks aim at understanding the psychology and
attitudes of stakeholders (Carter, Riley, & Liu, 2012;
McCleery, 2009; Snyder & Rentsch, 2020), determining the
required level of damage prevention and approaches to its
implementation in resolving HWCs (König et al., 2020),
quantifying and prioritizing co-benefits (Rees, Carwardine,
Reeson, & Firn, 2020), analyzing interactions between people
and wildlife (Morzillo, de Beurs, & Martin-Mikle, 2014),
using ecological theory to assess predator–prey
(i.e., carnivore-livestock) interactions (Lamb et al., 2020; Wil-
kinson et al., 2020), or integrating HWC with other ecologi-
cal frameworks (Crespin & Simonetti, 2019). However, there
may be an emergent value of bringing together the strengths
and foci of these different frameworks to find new solutions
to the complexity of HWC in agricultural areas.
In this essay, we show how integrating three existing
frameworks can lead to new insights and approaches to
HWC mitigation that would not be possible using any one
of the frameworks in isolation. Specifically, we identify
frameworks whose strengths lie in three different stages
of HWC analysis: (a) impact assessment of wildlife expan-
sion and population growth scenarios, (b) a systems anal-
ysis of wildlife-related services and disservices for
different stakeholders, and (c) an analysis about stake-
holders' interests and influence in HWC and the likely
impact of HWC research. While impact assessment can
be useful in providing insights about change effects (here:
wildlife populations), a systems analysis provides infor-
mation about spatio-temporal scales (when and where
effects take place) and governance (legal frameworks);
whereas stakeholder analysis helps to identify the percep-
tions and role of different actors in HWC.
Our integration consists of three main steps (see
Figure 1.). In Step 1, we use the Framework for Participatory
Impact Assessment (FoPIA) to develop scenario narratives,
define assessment criteria and conduct scenario assessments
in line with the need to integrate expert opinions and stake-
holder perceptions and preferences. FoPIA was originally
developed to assess ex ante the impact of alternative land
use policies in Europe (Helming et al., 2011; Morris,
Tassone, De Groot, Camilleri, & Moncada, 2011) and vari-
ous non-European countries (e.g., China, Indonesia, India,
Kenya, Tanzania, Tunisia; König et al., 2013, 2014, 2017). In
Step 2, we organize and analyze the information collected in
Step 1 using the concept of ecosystem disservices and ser-
vices (SEEDS; Ceausu et al., 2019), which allows a systemic
perspective on HWC. The social-ecological framework of
ecosystem services and disservices (SEEDS) adapts the com-
ponents of social-ecological systems (Ostrom, 2007, 2009) to
the context of human–wildlife interactions by defining six
key elements: wildlife units, ecosystem services, ecosystem
disservices, ecosystem service recipients, ecosystem disser-
vice recipients, and governance. Finally, in Step 3, we ana-
lyze the relative interest, influence, and impact of HWC
research on participating stakeholder groups using the 3i
framework (Reed, Bryce, & Machen, 2018). This enables an
assessment of different stakeholder interests in HWCs, their
ability to influence the outcomes of these conflicts, and their
perceptions on how research results are likely to affect their
management.
Our integrated, trifold framework uses impact assess-
ment, trade-off and stakeholder analyses to help identify
solutions that create better conditions for human–wildlife
coexistence in agricultural landscapes. Thus, we contrib-
ute to the advancement of integrated impact assessment
tools (Reidsma et al., 2011) that combine different formats
of stakeholder engagement, scenario techniques and
knowledge transformation into a decision support frame-
work for wildlife management. The framework is meant
to be used by researchers and conservation practitioners
to support the implementation process of conservation
strategies that aim to minimize HWCs at the landscape
scale.
To illustrate our integrated framework, we assess the
impact of growing populations of four species (wild boar,
common crane, gray wolf, and European bison) which gen-
erally thrive well in agricultural landscapes in the state of
Brandenburg (Germany). Using these examples, our inte-
grated framework allows us to (a) analyze and identify the
potential trajectories and interactions that could lead to
HWC and (b) derive possible recommendations to reduce
the potential for future conflict around these four wildlife
species in the context of Brandenburg state.
2 | CASE-STUDY CONTEXT
Due to successful conservation policies, demographic
change, and economic dynamics in central Europe,
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several wildlife species are predicted to expand their
range in the future (Chapron et al., 2014; Massei
et al., 2015). These species are now persisting in suitable
habitats that had recently become depopulated by people
as a result of structural changes and migration to cities
(Tsunoda & Enari, 2020). In addition, policies that pro-
tect species such as wolves and bears have resulted in
lower rates of human-caused mortality, thereby hasten-
ing the species' population growth and expansion. Over-
all, the recent influx of biodiversity to Europe's rural
landscapes is predicted to lead to self-sustaining ecosys-
tem processes, healthier ecosystems, and an increase in
cultural ecosystem services (Ceausu et al., 2015;
Navarro & Pereira, 2012). However, these biodiversity
changes are also expected to lead to disservices to some
rural stakeholders.
Brandenburg is the fifth largest state in Germany,
with an area of approximately 29,700 km2 and a popula-
tion of 2.44 million people, which is low compared to
other states in Germany. Brandenburg is characterized
by rural areas dominated by agriculture and forestry.
Official data1 on local species and populations indicate
the increasing abundance of four wildlife species in
Brandenburg (Figure 2): the wild boar (Sus scrofa), com-
mon crane (Grus grus), gray wolf (Canis lupus), and
European bison (Bison bonasus). These species have the
potential to exacerbate human–wildlife and human–
human conflict by disrupting farming activities and
rural lifestyles. This situation requires an understanding
of the human–wildlife system as a whole and the antici-
pation of stakeholder attitudes and behaviors in
particular.
3 | METHODS AND TOOLS FOR
IDENTIFYING AND ADDRESSING
HUMAN–WILDLIFE CONFLICTS
3.1 | Step 1—Scenario impact assessment
with FoPIA
The first major step in our integrated framework is apply-
ing FoPIA. This approach follows a sequence of three
methodological stages: (a) scenario development,
FIGURE 1 Logical flow of the trifold assessment framework—using FoPIA, SEEDS, and 3i to conduct stakeholder-informed analysis of
human–wildlife conflicts. Framework steps in paler color (grey) refer to redundant analytical steps. This applies for the FoPIA and SEEDS
framework where system boundaries, wildlife units and assessment criteria were defined in FoPIA and taken up in SEEDS. Of note is that
the term “impact” in the context of FoPIA refers to possible and potential effects of scenarios on selected impact criteria; the term “impact”
is differently used in the context of the 3i framework where impact reflects on the possible effects HWC research has on individual
stakeholder groups
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(b) sustainability analysis, and (c) impact assessment
(König et al., 2013). The adaptation of FoPIA to the spe-
cific context of HWCs included a conceptual task con-
ducted by researchers, following a broad literature review
on indicators, and the consultation of experts (n = 12).
Experts that work in the field of HWC and were con-
tacted through an email survey on wildlife population
trends and indicators conducted in October 2019, and a
one-day workshop in November 2019 with the
same group of experts. The aim of the workshop was to
FIGURE 2 Map of the study site of Brandenburg state, which surrounds the German capital of Berlin and borders Poland. Frequent
wildlife crossings occur in the study site, and it is home to iconic species, such as European bison, wolves, cranes, and wild boars. The
species icons roughly illustrate their presence/distribution
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fine-tune the conceptual adaptation of FoPIA to the
regional wildlife and land use context.
3.1.1 | FoPIA Stage 1: Scenario
development
Scenarios are commonly used to envisage alternative
options or development pathways in impact assessments
(Alcamo, 2001; Reed et al., 2013). For the scenario devel-
opment in this study, we outlined general assumptions of
the possible and likely population growth of wild boar,
crane, gray wolf, and European bison over the next
5 years until 2025. The time horizon chosen matches the
national legislation period of 5 years and should help
envisage policy relevant scenario impacts in support of
current wildlife management activities. We derived the
following narrative and scenario assumptions:
• With more than 100,000 animals harvested, Branden-
burg state has the highest number of wild boar in all of
Germany's federal states according to the annual hunt-
ing statistics in 2019/20 (www.jagdverband.de). We
assume that without interventions, the boar
populations will likely expand further due to their nat-
urally high reproductive rates, their high adaptability
to rapidly changing environments (Stillfried
et al., 2017), and the increasingly milder winters
(Vetter, Ruf, Bieber, & Arnold, 2015). We are aware of
the recent outbreak of the African Swine Fever (ASF)
in Germany (September 2020). However, based on the
relatively slow expansion and rather areas-specific
zones of ASF, we do not expect a collapse of the boar
population in the coming years.
• The populations of staging, breeding, and over-
wintering cranes are continuously growing in Bran-
denburg. We expect further crane population increases
due to a general shift in the main migration flyway
from Poland to Germany, wetland restoration, milder
winters and available food in farmlands throughout
the year (Nilsson et al., 2016).
• Brandenburg currently has the highest number of
wolves of any German state, with >300 individuals
(as of the 2018/19 wolf monitoring year) with 41 packs
www.dbb-wolf.de). Since 2007, wolf numbers have
risen continuously and are expected to increase further
due to suitable habitat conditions and high prey densi-
ties (Reinhardt et al., 2019).
• European bison (or wisents) were hunted to extinction
in Germany centuries ago. In the mid-80s, 20 European
bison were relocated in western Poland to form a new,
free-ranging European bison population near the Ger-
man border. In 2019, the herd had grown to more than
300 animals, and because, in principle, ample habitat for
European bison exists in eastern Germany (Kuemmerle
et al., 2018), authorities are currently getting prepared
for a likely return of bison to Brandenburg.
3.1.2 | FoPIA Stage 2: Sustainability
analysis
To assess the impact of scenarios (here: expanding wild-
life populations) on regional sustainability, FoPIA pro-
vides a balanced set of nine assessment criteria (Helming
et al., 2011; Pérez-Soba et al., 2008) that are aligned to
the three dimensions of sustainable development (social,
economic, ecological). Based on a literature review on
sustainability indicators (Burkhard, Kroll, Nedkov, &
Müller, 2012; Maes et al., 2016; Paracchini, Pacini,
Jones, & Perez-Soba, 2011; Sun et al., 2019; Uthes,
Kelly, & König, 2020), we selected 25 assessment indica-
tors that generally apply to human–wildlife interactions
(see Table 1).
3.1.3 | FoPIA Stage 3: Scenario impact
assessment
This study is the first to apply the adapted FoPIA to a
HWC context, for which a target group of five stake-
holders who operate in regional management or on the
ground were individually interviewed. The main stake-
holder selection criteria for this first FoPIA test-case, was
that we considered actors who represented major land
use sectors related to wildlife conflicts, this included for
example, agriculture for crop and livestock production,
forestry, hunting, and conservation. The participants
included one organic farmer who cultivates crops and
raises free-range suckler cows, one state forest manager
who works as a regional district manager, one local con-
servationist who has long been active in the Nature and
Biodiversity Conservation Union (NABU), one local (wild
boar) hunter who served for a long time as a board mem-
ber of a local hunting club, and one semitranshumant
shepherd with a mixed group of sheep, goats and horses
(n > 1,500 animals in total).
We conducted in-depth, semi-structured face-to-face
interviews (taking 1.5–2 hr each) with open questions in
a predefined order that were administered by the same
person, and the responses were transcribed (Crouch &
McKenzie, 2006). In the first part of the interview, the
questions addressed the anticipated effects of the selected
wildlife species (wild boar, cranes, gray wolves, and
European bison) on each assessment criterion and sce-
nario narrative (i.e., assuming that each wildlife popula-
tion will continue to grow and/or expand in range
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through the year 2025; see Figure 3). In the second part
of the interview, the stakeholders were asked to weight
how they perceived the relevance of each assessment cri-
terion (on a scale of 0–10, where 0 = not important to
10 = extremely important; see Table 1).
Figure 3 shows the averaged impact wildlife was
expected to have on each criterion. As can be seen, wild
boars were predicted to have little positive effects and to
have negative impact on agricultural production and work
costs. Cranes were predicted to have mainly positive
impacts on cultural services, such as quality of life (happi-
ness) and cultural identity (recreational value), and to have
slightly negative impacts on agricultural production and
related work efforts. Wolves were predicted to have positive
effects on forests due to their predation of tree-browsing
deer and negative effects on agricultural production related
TABLE 1 Assessment criteria structured along three sustainability dimensions (social, economic, and environmental). Short definitions
are provided along with the average stakeholder-based weights. From the list of identified assessment indicators, one indicator per criterion












Social 1 Work Employment provision for all in
activities based on natural
resources.
8.6 (range 8–10) • Working conditions
(quality)*
• Employment rate (%)
• Labor costs (€)
Social 2 Quality of life Well-being referring to health,
comfort, and happiness
standards experienced by an
individual or society.
8.8 (range 8–10) • Happiness*
• Physical and mental health
Social 3 Cultural
identity
Landscape esthetics and values
associated with the local
culture.





Provision of land for agricultural
production activities.
7.6 (range 5–10) • Crop yields (t/ha)*







Forestry activities. 6.6 (range 5–10) • Tree/forest condition*
• Game harvests (units/100 ha)





social and productive human
activities to occur.
7.2 (range 5–9) • Local business (income/€)*
• Regional products (n: count)
Environmental 1 Diversity of
habitat
Variation in the habitats
represented within a landscape
or region.
8.2 (range 8–10) • Habitat quality*
• Diversity of habitats
Environmental 2 Wildlife
species
Number of different species
represented within a landscape
or region.
8.2 (range 7–8) • Number of different species*





The role of a wildlife species in
the regulation of ecological
processes for a natural and
balanced ecosystem.
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to livestock losses and increased work effort. Finally,
European bison were predicted to have positive effects on
all environmental indicators, the local economy, and, simi-
larly to the crane, the social indicators of quality of life
(happiness) and cultural identity (recreational value).
In terms of social impact, the stakeholders expressed
positive effects such as enjoyment (i.e., observing wildlife).
This was particularly true for cranes and European bison,
mainly because these species can be observed more fre-
quently during the daytime, and observations of nocturnal
species such as the wolf and wild boar are more difficult.
In terms of work costs, there was only one response, stat-
ing that the return of the wolf could help reduce the high
number of game/prey, mainly roe deer (Capreolus cap-
reolus), red deer (Cervus elaphus), and increasingly also
wild boar numbers and consequently reduce the workload
for local hunters. The highest number of negative effects
was attributed to an increasing wolf population. Negative
social impacts mainly included fear for the safety of chil-
dren and pets related to the presence of wolves and, in one
case, the return of the European bison. In terms of work-
load, the increased effort required from hunters (in terms
of organization and time) due to increased numbers of
wild boar were further mentioned. Moreover, the time
needed to assess and repair damage caused by cranes,
wolves and wild boars, especially in the agricultural sector,
was expected to increase.
Economic benefits for forest management were men-
tioned, including the regulation of deer populations by
wolves, which would lead to a reduction in tree damage
(bark stripping, browsing). In addition, local businesses,
such as butcher shops and stores that sell damage preven-
tion (e.g., fences) and hunting equipment, were identified
benefactors. Furthermore, the tourism sector was
expected to benefit from increasing crane and European
bison populations, which could lend itself to unique
regional branding and provide eponyms for small busi-
nesses. Negative impacts in agriculture were perceived by
all stakeholders in relation to the increased livestock dep-
redation by wolves; crop and grassland damage by wild
boars, cranes and European bison; and costs related to
preventing and addressing such damage. In forestry, tree
damage due to browsing and bark stripping by European
bison was seen as problematic by all stakeholders. Fur-
thermore, the local economy could suffer from the trans-
mission of pathogens by wild boars, for example, ASF
outbreaks force farmers to kill domestic pigs, and wolves
might have negative effects on deer farms.
The reported ecological impacts pertaining to increas-
ing wildlife populations were more heterogeneous. For
example, rooting and digging by wild boars, if not too
extensive, was perceived to enhance soil quality and pro-
vide new habitats for plants that depend on open/dis-
turbed soils for seedlings to grow. The return of large
FIGURE 3 Wildlife-related services and disservices: impacts of different population growth and range expansion scenarios for four
selected species according to social, economic, and environmental assessment criteria and associated indicators (see Table 1)
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herbivores, such as the European bison, was expected to
keep landscapes open and enhance soil quality through
fertilization, with positive effects on grassland. In addi-
tion, the return of wolves was thought to contribute to an
improved prey–predator balance and better wildlife
health. Few negative effects on biodiversity were antici-
pated. A possible loss of specific habitats (e.g., dry grass)
was related to a decrease in shepherding due to increased
wolf presence, and wolves' strong impact on prey species
was also mentioned. The possibility of damage to peat
lands and swamps as well as negative impacts on
amphibians and ground-nesting birds were mentioned in
relation to higher wild boar densities.
Considering the weighted preferences of each crite-
rion (Table 1, third column) wildlife would contribute to
the favored ecosystem service criteria in various ways, for
example, quality of life (8.9, social indicator “happiness”),
agricultural production (7.6, economic indicator “crop/
livestock units”), and ecosystem processes (8.6, ecological
indicator “supporting ecological processes”).
3.2 | Step 2–System description and
analysis through SEEDS
Step 1 of our integrated framework led to a wealth of
information on different aspects of human–wildlife coex-
istence, including the identification of benefits
(i.e., ecosystem services) and costs (i.e., ecosystem disser-
vices) of HWC for different stakeholders. However, it
remains unclear how these services and disservices affect
the spatio-temporal distribution of HWC and how differ-
ent stakeholder are affected. To fill this gap, we applied
SEEDS, as demonstrated below, by organizing and ana-
lyzing the information collected in the FoPIA (Figure 1).
The system boundaries delineate the scope of the
SEEDS analysis and refer to both spatial boundaries and
the stakeholder groups and policy areas relevant for
understanding human–wildlife interactions. Spatially,
the system is located in Brandenburg, which is adjacent
to Berlin and frequently visited by people coming from
many parts of Germany. The wildlife species analyzed
here are subject to European-level legislation (EEC, 1979,
1992) and are of interest to international conservation
initiatives such as rewilding (Deinet et al., 2013). There-
fore, the socioecological system needs to include not only
local stakeholders but also regional, national and
European stakeholders who are likely to benefit from
wildlife ecosystem services and who advocate for conser-
vation measures.
In line with FoPIA we used the same group of stake-
holders across the four selected wildlife species (wild
boar, crane, wolf, European bison) to assess the groups
most likely to benefit from ecosystem services (ecosystem
service recipients) and those most likely to experience
ecosystem disservices (ecosystem disservice recipients)
(Figure 4). Local non-farming businesses include busi-
nesses that sell fences, hunting equipment or wild meat
and that are perceived to benefit through increased
demand related to wildlife encroachment or increased
hunting activity. Conservationists include people
involved in conservation as amateur naturalists, NGO
members, scientists and other professions. Their personal
and professional interests may vary, and they may be
focused on different taxa and habitats, leading to differ-
ent perceptions of services and disservices within a land-
scape. For example, wild boar activity can support soil
processes that favor certain plants, but they can also be
detrimental to ground-nesting birds (Figure 4). Some eco-
system services and disservices, such as quality of life and
decreased safety, are experienced throughout the popula-
tion. In this case, the stakeholder group was identified as
the general public, which includes all of the other stake-
holder groups as well.
Examining both the spatial and temporal scales at
which wildlife services and disservices are experienced is
important for understanding the dynamics in human–
wildlife systems (Figure 4). In this case, we took as refer-
ence point the time scales relevant to policy-makers and
political actors. We use three categories for the temporal
scale: short term (1–2 years—shorter than a political or
policy appointment/term in office), medium term
(3–7 years) and long term (over 7 years—longer than
most political or policy appointments/terms in office;
Figure 4). The temporal scale of ecosystem services or dis-
services is the estimated time period when they are first
experienced. For example, farmers will experience the
disservice of livestock depredation as a short-term effect
of an increasing wolf population, while conservation
effects, such as improved trophic balance, will be experi-
enced only in the long-term (Figure 4).
We define four spatial scale levels: local, regional,
national, and European (Figure 4). The local level repre-
sents Brandenburg state, the regional level includes
Berlin and adjacent federal states within Germany, and
the national and European levels represent Germany and
Europe, respectively. We assigned these levels based on
the residency of the stakeholder group receiving the ser-
vices and disservices. For example, impacted farmers
include local residents in Brandenburg, while tourists
include residents from surrounding administrative units.
We considered cultural identity to be a service that bene-
fits stakeholders across three spatial scales: local, regional
and national. Considering the European legislation
regarding biodiversity conservation and cross-national
conservation movements (e.g., rewilding), we considered
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services and disservices related to conservation to span
all spatial scales.
Brandenburg residents will overwhelmingly experi-
ence ecosystem disservices at the local level and in the
immediate future, especially economic losses and
increased work efforts. In terms of timescale, these
costs will continue to be experienced in the medium
and long-term. It is unlikely that people outside of
Brandenburg will experience or pay the costs of these
disservices to any significant extent. Brandenburg resi-
dents will experience an increase in regulating services
such as soil services and the maintenance of open land-
scapes in the medium and long-term. They will also
experience an increase in cultural services associated
with cranes or European bison in the immediate
future.
The tourism opportunities provided by increased bio-
diversity can also benefit local residents, but these tour-
ism opportunities will likely be experienced on a longer
time scale, as the rebranding of Brandenburg and the
growth of tourism infrastructure will take a longer time.
By the time residents notice these benefits, their opinions
regarding these wildlife species might already be consoli-
dated and difficult to change. At the same time, the eco-
nomic benefits might be very differently distributed
among the residents, with local hotels, guesthouses and
restaurants benefiting more directly than local farmers.
The tourists visiting Brandenburg will have an improved
experience through the presence of cranes and European
bison and through the knowledge that they are
experiencing biodiverse landscapes where wolves, some
of Europe's most emblematic carnivores, roam. There-
fore, although cultural services will be produced locally,
urban residents in Germany, especially Berlin, will be the
ones who experience these services without any of the
costs associated with crop and livestock depredation.
Thus, the regional and national scales become relevant
for the human–wildlife system in Brandenburg. More-
over, as rewilding becomes a topic of continental rele-
vance in Europe, it is likely that these systems will also
involve stakeholders at the continental level (Ceausu
et al., 2015).
These spatial and temporal asymmetries between
the experiences of services and disservice recipients
have the potential to lead to human–human conflict
around wildlife. For example, most of the stakeholders
involved in our study perceived the recent population
growth of cranes to be something positive. In contrast,
the stakeholder group suffering from this increase,
farmers, felt abandoned in process of addressing the
substantial crop damage caused by cranes as one local
farmer described:
FIGURE 4 Human–wildlife system analysis based on the social–ecological framework of ecosystem services and disservices (SEEDS; E,
European; L, local; LT, long term; MT, medium term; N, national; R, regional; ST, short term)
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“Crane critters sound plaintive to me, and I
feel annoyed that I can't really do anything
about the crop damage they cause, as they
are strictly protected”
(statement of a local farmer).
Based on our interviews, we also identified an impor-
tant hierarchy of the services and disservices that is likely
to dominate how people react to wildlife changes. Our
participatory process highlighted that stakeholders are
particularly concerned about “quality of life,” “work,”
and the continued provisioning and integrity of “ecosys-
tem processes.” Agricultural land use was given the
highest weight, above that of forestry, in the economic
dimension, based on the argument that wildlife-induced
damage is more severe for farms than for forests. This
assertion might also be related to ownership and property
rights because farms are usually run by private owners,
while approximately half of German forests are state
property.
3.2.1 | SEEDS: Governance analysis
The institutions and organizations that will be most
affected include four groups: hunters, farmers, forestry
agents, and conservationists. While the first group is rep-
resented by the German hunter association (DJV),
including approximately 249,000 members in 2018
(https://www.jagdverband.de/), the second is represented
by medium-scale, organic farmers with >600 ha destined
for mixed cropping/cereal and livestock farming
(e.g., Demeter https://www.demeter.de/ and Bioland
https://www.bioland.de/ueber-uns.html). The third
group includes agents working at the highest level of the
federal forest department of the state of Brandenburg
(https://forst.brandenburg.de/lfb/de/), and the fourth
includes conservationists who belong to the most influen-
tial German NGO, NABU (https://en.nabu.de/). The
stakeholder organizations and their positioning relative
to governing and decision-making structures determine
to a large extent their interest, influence and impact over
conservation policies and management, which will
inform and be further analyzed through the 3i
framework.
Conservation policies are extensively based on
European-level legislation such as the Habitat and Bird
Directives (EEC, 1979, 1992). This legislation has been
shown to be effective at improving the conservation sta-
tus of targeted species (Sanderson et al., 2016). European
legislation and other international biodiversity conven-
tions constrain policy options at the national and
regional scales in terms of lethal control and hunting
(Trouwborst, Fleurke, & Linnell, 2017), especially in the
case of wolves, European bison, and cranes. This might
make local stakeholders feel disenfranchised and resent-
ful. However, there are open policy options regarding the
direction of compensation laws for agricultural and for-
estry losses, and alternatives can be trialed and improved
before wildlife damage increases significantly. Livestock
owners could also be supported in undertaking measures
that reduce the vulnerability of their animals to wolf dep-
redation, such as acquiring guard dogs or building better
night shelters for their animals (Rigg et al., 2011). In this
way, the imbalance in the benefits and costs of increased
wildlife could be partially addressed by reducing the bur-
den of ecosystem disservices for farmers and foresters. In
terms of conservation outcomes, management plans
could harmonize neighboring conservation areas even
across borders to support the ecological needs of large-
range species such as wolves and bison.
The increase in wildlife services can have economic
benefits (Naidoo, Fisher, Manica, & Balmford, 2016) as
well as health (Engemann et al., 2019) and cultural bene-
fits (Booth, Gaston, Evans, & Armsworth, 2011). One
way to avoid future conflict and navigate biodiversity
change is to capture and distribute the benefits of these
new wildlife services as broadly as possible through poli-
cies at the local, regional and national levels. Promoting
a sense of ownership and enjoyment surrounding the
new additions to Brandenburg landscapes through school
programs and raising awareness, will ensure that the resi-
dent population will benefit fully from these new wildlife
services. As Brandenburg is already a tourism destina-
tion, the possibility of using wildlife services as a driver
of increased tourism activity offers credible opportunities
that could be implemented by local authorities in collab-
oration with local businesses.
3.3 | Step 3—Analyzing stakeholder
interest and preferences with the 3i
approach
The final step of our integrated framework consists of
assessing stakeholder interests, relative influence and the
likely expected impact of research results, using the 3i
approach (Table 2).
In Figure 1, we show how the three steps can be used
iteratively. This includes the option to re-assess impacts
in FoPIA and SEEDs analyses using revised system
boundaries and scenarios based on insights from stake-
holders identified in the 3i analysis (Dougill et al., 2006;
Reed et al., 2009). However, as indicated in Figure 1,
FoPIA may initially be informed via interviews with
selected stakeholders, as was done in this research, before
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conducting a more in-depth stakeholder analysis using
the 3i's approach. In this way, we started with a
predefined group of stakeholders and conducted in-depth
interviews to inform the FoPIA wildlife scenario narra-
tives. We then conducted the stakeholder analysis by
interviewing the same five stakeholders (organic farmer,
NGO-conservationist, state-forester, private (wild boar)
hunter, one semi transhumant shepherd) to (a) reflect on
their individual “interest, influence, and impact” on
HWC research and (b) assess the broader range of rele-
vant (including potentially marginalized) stakeholders
who are affected by, or influence HWCs in Brandenburg
state. In this way, we were able to identify leverage points
in the system that could be used to manage HWC more
effectively in the state.
This stakeholder analysis allowed us to systematically
identify and assess the relative interest and influence of
stakeholders/groups who are affected by or have the
capacity to affect decisions and research outcomes (Reed
et al., 2009). Traditional stakeholder analysis based on
the identification and classification of stakeholders
according to their “interest and influence” in research
has received criticism for being over simplistic and neg-
lecting the importance of qualitative insights regarding
the nature of stakeholder interest and influence or poten-
tial stakeholder benefits from the research, which is valu-
able for informing engagement (Reed et al., 2018; Reed &
Curzon, 2015). Generally, stakeholder analysis is often
used to prioritize high-interest and high-influence stake-
holders (“key players”), justifying the exclusion of disin-
terested or low interest stakeholders in the research and
decision-making processes.
The 3i approach broadens the scope of stakeholder
engagement and deepens the analysis in two ways: first,
through the addition of “impact” as a third criterion, and
second, by considering each criterion—interest, influence
and impact—on two levels in order to uncover deeper
dynamics that may drive what is observable on the sur-
face of the analysis (FastTrackImpact, 2019). The
approach then asks three questions (in positive and nega-
tive forms) to structure the identification of stakeholders
based on the three criteria (adapted to the HWC context):
1. Interest: Who is interested in HWC, and what is the
nature of their interest? Who should be interested
(based on their influence and/or impact), who is cur-
rently disinterested, and why are the latter not
interested?
2. Influence: Who has the power to (indirectly) facilitate
or block particular outcomes from HWCs?
3. Impact: Who is likely to benefit most, and who might
be compromised or harmed by HWC?
The self-assessment of interest, influence and impact
concerning HWC differed among the five stakeholder
groups participating in this study, which are described
and categorized as shown in Table 2 along with examples
of organizations in each group. The 3i stakeholder analy-
sis revealed that except for conservationists, who showed
high interest, all participating stakeholders showed
medium interest, indicating that HWC is a topic of con-
cern but not one of utmost priority, as there are other
topics of greater interest, such as the climate, markets,
and price stability in the case of the organic farmer.
While conservationists and foresters showed medium to
high influence through the direct provision of monitoring
data, their political connections and exchanges with
research units, the organic farmers, hunters and livestock
keepers showed low influence due to their informal and
limited connections and rare participation in research
projects.
Conservationists were the only stakeholder group that
expected a high impact via funding for biodiversity pro-
jects and benefits for nonhuman species and future gen-
erations, while the remaining stakeholder groups
expected a medium level of impacts. For practical
reasons—as the main focus was to conceptualize the inte-
grated framework, it was not possible to convene a work-
shop for this project.
While self-assessment by stakeholders provided valu-
able insights into the interests, influence and likely
impacts on each stakeholder group, in future research,
this would ideally be a starting point for a wider analysis
of the stakeholder landscape, with the initial stakeholder
group working together in a workshop setting to enable a
more objective assessment and systematic representation
of stakeholder interests in HWC initiatives.
4 | CONCLUSION
Human–wildlife systems are complex, and it is unlikely
that a single conceptual framework can successfully
address this complexity to identify and mitigate them.
Here, we show that by combining three existing concep-
tual frameworks, we can advance the analysis of HWC
beyond what one single framework can offer. The field of
conservation has increasingly recognized the importance
of diverse disciplinary perspectives in dealing with HWCs
and, more generally, with conservation issues. This rec-
ognition has diversified expertise among conservation
scholars who have enriched the field with conceptual
and empirical advances on specific aspects of HWC. The
step of integrating this diverse knowledge should not be
ignored, and we provide here an approach that
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exemplifies the potential gains from knitting together
existing conceptual frameworks.
As exemplified here through the case of Brandenburg
state, Germany, the anticipatory analysis of human–
wildlife systems can help managers steer adaptations and
prepare stakeholders for biodiversity change. Avoiding
human–human conflict surrounding wildlife species
requires efforts to maintain communication between
stakeholders and avoid the entrenchment of opposing
views. For instance, there are already signs that stake-
holders shouldering costs of the increased crane presence
feel ignored by those who value that presence. The analy-
sis identified an imbalance between the temporal and
spatial scales at which ecosystem services and disservices
are experienced and the need to address this imbalance
through anticipatory policies such as encouraging tour-
ism activities and implementing compensation schemes.
These compensation schemes should be designed
through the cooperation of businesses, conservation sci-
entists, interested stakeholders, and local authorities in
order to achieve the desired outcomes and correct any
problems. However, the broad expertise needed to apply
the three frameworks at the same time, the trade-offs
between in-depth interviews and higher number of par-
ticipants and interactive elements of group discussions
shows the limitations when implementing and applying
our framework. The trade-off between number and depth
of interviews means that in-depth interviews will allow
researchers to sample only a small numbers of people
within each stakeholder group. Increasing the number of
interviews will allow for a larger sample of interviewees
but a more superficial understanding of each person's
motivations and values. Therefore, our approach should
be understood more as a holistic quick-scan tool, which
can be used to identify and unfold major HWC issues—
which may be subject for more detailed investigations at
a finer scale if needed.
The results of this study highlight possible trade-offs
related to wildlife that may occur between different
stakeholder preferences in Brandenburg state. Follow up
activities could focus on the assessment of alterative cop-
ing strategies used to target and minimize the negative
impacts of HWC. Most promising coping strategies may
also be subject to an economic quantification in terms of
all relevant costs, including direct costs for coping mea-
sures, opportunity, and transaction costs (Barua,
Bhagwat, & Jadhav, 2013). The realization of these follow
up activities can be taken up by researchers and conser-
vation practitioners, whereas results cannot be achieved
without buy-in and collaboration from local/regional
authorities, businesses, and other stakeholders.
Considering stakeholder needs is crucial for achiev-
ing a high level of acceptance of a proposed coping
strategy and undertaking policy action solutions
(Reed, 2008); moreover, research has taken on a new
role in facilitating stakeholder participation processes in
the domain of research-based decision support (König
et al., 2015; La Rosa, Lorz, König, & Fürst, 2014; Spyra
et al., 2018). Communicating the necessity of respective
measures to stakeholders and citizens alike has been
shown to be important for the success and acceptance of
conservation measures, for example, species recovery.
Thus, a key challenge that remains for conservationists
and environmental managers is designing conservation
measures that are as transparent and inclusive as possi-
ble, with the ideal aim of creating opportunities for
stakeholders to actively engage in conservation activities
(e.g., citizen science in opportunistic wildlife monitoring,
engaging hunters in camera trap wildlife monitoring and
conflict mitigation measures) and benefit from wildlife
services. While HWC is partly the outcome of ecological
process (Lamb et al., 2020), conflict also arises from
human–human interactions that value different aspects
of the wildlife services-disservices spectrum (Marshall,
White, & Fischer, 2007). Wildlife management should,
therefore, aim to address these stakeholder conflicts
through round tables or joint conservation actions. The
integrated, trifold framework introduced in this study
can provide guidelines for systematically analyzing the
multistage process of stakeholder participation and
enable a holistic approach to tackling the complex chal-
lenge of HWCs.
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ENDNOTE
1 Crane: https://www.nabu.de/tiere-und-pflanzen/aktionen-und-
projekte/vogel-des-jahres/1978-kranich/; European bison: http://
dzika-zagroda.pl/?page_id=11&lang=en; Wolf: https://lfu.
brandenburg.de/info/wolf; Wild boar: https://mluk.brandenburg.
de/mluk/de/landwirtschaft/jagd/jagdstatistik.
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